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1, In ar-spr ^d cpGctruin --CDM^^.dlgital cellular radio system 
for communicating between a base station anda^TROlrrie-^erminal 
over a duplex radio channel, a mobile terminal comprising: 

a remote user data source for generating a us4r data 

signal; 

a first orthogonal code set generator fi6r generating a 
first orthogonal code and a first remote pilot/ code; 

a first modulo- two adder, coupled/to said remote user 
data source and to said first orthogonal/code set generator, for 
spread spectrum processing the user da/a signal with the first 
orthogonal code to generate a spread^ signal; 

a first npise-like code ygenerator for generating a 
first pseudo-noise/ cdd^^ 

a second] m^uloVtwo Adder , coupled to an output of said 
first modulo- two itidervand /o said first noise- like code 
generator, for pr^i^essing/the spread signal with the first 
pseudo- noise code to gerierate a spread spectrum user data signal; 

a remote pi3^t data source for generating a pilot data 

signal; 

a third rdodulo-two adder, coupled to said first 
orthogonal code yset generator and to said remote pilot data 
source, for spread spectrum processing the pilot data signal with 
the first reinote pilot code to generate a spread pilot signal; 

fourth modulo- two adder, coupled to an output of said 
third mo(iulo-two adder and to said first noise- like code 
generat/or, for processing the spread pilot signal with the first 
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pseudo-noise^G6dfe'''t5'^'g6nerate a remote' spread -spfecfetum pilot: data 
signal ; e:c::vi' m ub a:; 

a signal combiner, coupled to said fourth ra6dulo-two 
adder and to said second modulo -two adder, for cpnfcining the 
remote spread spectrum pilot data signal and ther spread spectrum 
user data signal as a combined spread spectru^ data signal; 

a modulator, coupled to said signal combiner, for 
modulating the combined spread spectrum data signal onto a 
carrier as a combined spread spectrum modulated data signal; 

antenna means for transmitting the combined spread- 
spectrum modulated data signal on a/ reverse channel and for 
receiving a composite spread- spectrum modulated carrier signal 
transmitted from t^e] base station on a forward channel, the 
composite spread- ^p^'ctru^ modulated carrier signal on the forward 



channel having 
specific spread 
terminal ; 

a code 
code set generator 
for adjusting. 




ed- spread- spectrum-pilot signal and a 
information channel for the mobile 



ter, coupled to said first orthogonal 
said first noise-like code generator, 
to a processor input and to the common- 



shared- spread- spectrum-pilot signal, a phase of the first 
orthogonal code/to adjust a time of arrival of the spread 
spectrum user /data signal at the base station to be orthogonal 
with other a/riving spread spectrum user data signals, the phase 
of the fxrst remote pilot code slaved to the common- shared- 
spread- spectrum- pilot signal to enable the base station to 
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determine a rainge between-. the^a-seii SJttafci'oni^ claim 
terminal usS,i^^.£Qjind tiri^^elay; and 

a prjje^ssor, coupled to said code phase adjuster, for 
generating processor input and for storing the range between 
the base/st3J:4etr-cCna cne mobil^ terrninal , 



2. The mobile terminal as set forth in claim 1, said code 
phase adjuster fui^her for adjusting the phase of the first 
orthogonal code to nave a same phase as the first pseudo-noise 
code, a length of tha^ first pseudo-noise code being an integer 
multiple of a length o^ the first orthogonal code, 



3. The mobile terrrtdnal as set forth in claim 1, the code 
phase adjuster further foi^ shifting, responsive to acquisition, a 
phase of the first remote Ailo^ code to be synchronous with the 



spread spectrum user data 



4. The mobile termifli^l a,s set forth in claim 1 wherein the 
remote pilot data source g^lneraVes a pilot data signal that is 



one of all zeros and all 



oies . 



5. The mobile terminal as skt forth in claim 1 wherein 
said first orthogonal code set geneVator generates a code of a 
plurality of codes belonging to a specific set of orthogonal 
codes . 
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6. TEye; mobile teiroinal .as; set;; fqrthjin.jc 
comprising^ v.^J.^: ^ - LOfr^i Bpi:e' 

a pAwer splitter for separating the composite spread- 
spectrum modulated carrier signal into a pilot channel and a data 
channel; 

a secorld orthogonal code set generator for generating, 
responsive to a c\ptmand from the base station, a locally 
generated pilot co\e; 

a second noise- like code generator for generating a 
second pseudo- noise c^ode; 

a mode contA)l and acquisition device, coupled between 
said second orthogonal \code set generator and said second noise - 
like code generator, foA r^ce'^ving timing information from the 
base station and for gene^ating-'a clock for said second 
orthogonal signal code seW\qen^rator and said second noise- like 
code generator, and a syndhitoni^tion signal; 

a clock pulse gei\erator, coupled to said mode control 
and accpjisition device and \to )eaid first orthogonal code set 
generator and said first noise \^ike code generator for providing 
a synchronous clock signal; 

a fifth modulo- two adder\ coupled to said second 
orthogonal code set generator and tNp said second noise- like code 
generator, for combining the locallyXgenerated pilot code and the 
second pseudo-noise code to form a fir^t local spread- spectrum- 
pilot- reference signal ; 

a sixth modulo- two adder, coupAed to said second 
orthogonal code set generator and to said\ second noise- like code 
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generator, for comBi^ning-'^cspecif ie^ the* 
second pseud©-noise * cbde'-'fco- f oion a first local ^spread spectrum^ -'--^ 
information reference signal; 

a fir\st delay device, coupled to said fifth modulo-two 
adder, for delaying, responsive to the processor, the first local 
spread- spectrum-pilot -reference signal to generate an on- time, an 
early, and a lateXversion of the first local spread -spectrum- 
pilot -reference signal; 

a first, a\ second, and a third multiplier/correlator, 
each coupled to saidroower splitter and to said first delay 
device, for multiplyingr the composite -spread- spectrum-modulated - 
carrier signal with thk on- time, the early, and the late versions 
of the first local sprec^d-spe^trum-pilot- reference signal to 
correlate out an on-time,\ykn e^rly, and a late version of the 
common - shared - spread - spec^^fewitr4)ilot signal , respectively; 

a second delay ji^pYice)y coupled to said sixth modulo-two 
adder and to said proces^ot A for providing an information 
reference signal synchronlfeeA with the on- time version of the 
first local spread- spectrum-piuot- reference signal; 

a fourth multiplier/correlator, coupled to said second 
delay device and to said power flitter, for multiplying the 
composite spread- spectrxim modulaqed carrier signal with the first 
local spread spectrum information \reference signal to correlate 
out the specific spread spectrum uaer information channel; 

a delay lock loop, coupled\to said second and third 
multiplier/correlators, for tracking y phase of the incoming 
common-shared-spread-spectrum-pilot siignal and for outputting. 
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responsive \to a correlation-peaJCi:::atx:li6clC:<:^=igiial and .an' ..c ror genej 
acquisition BiLgiialc to the mode controla and: acquisition device; 
and 

a phAse lock loop oscillator, coupled to said first 
multiplier/correlator, for centering on the correlation peak and 
for providing a coherent carrier reference to a local data 
detector and to said delay lock loop. 



7. The mobile terminal as set forth in claim 1, wherein 
said common- shared- spread- spectrum-pilot signal contains an 
orthogonal code element) 



1165 



8. The mobile termiVa^^s set forth in claim 1, wherein 
said first remote pilot codp c^'tains an orthogonal code element. 



9, The mobile termii:al\as set forth in claims 6, 7 or 8, 
wherein said base station jneasVres the code phase difference 
between the common- shared- spreaJi- spectrum-pilot signal and the 
first remote pilot code to determine a range between the base 
station and the mobile terminal . 
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10. In a spread spectrum CDMA, aigital cellular radio system 
for communicating between a base stat\on and a plurality of 
mobile terminals over a duplex radio channel, a base station 
comprising: 

a base user data source for genel^ating a base user data 

signal ; 



-83- 



10 



15 



US 



:25 



30 



LAW OFFICES 

DAVID NEWMAN 
& ASSOCIATES, P.C. 

CENTENNIAL SQUARE 

P O BOX 2728 
LA PLATA. MO 20646 
I30U 934 6100 



a ftirst orthogonal , cod^^.se^^^^ generj^tor ^fo^..g^|^^^^ 
first 9rthogo\ial code and. .a firs_t .base .pilot qode;. cH : 

a first modulo -two adder, coupled to said base user 
data source andVo said first orthogonal code set generator, for 
spread spectrum pNj-ocessing the base user data signal with the 
first orthogonal c^de to generate a spread signal; 

a first no\se-like code generator for generating a 
first pseudo-noise co^e; 

a second modu\o-two adder, coupled to an output of said 
first modulo- two adder a\id to said first noise- like code 
generator, for process ing\ the spread signal with the first 
pseudo-noise code to generate a spread spectrum user data signal; 

a system data sour\j;e/f ol^ generating system data to be 
transmitted to the plurality ](pf mobile terminals; 

system data spreadifi^^eayis for spread spectrum 
processing the system data; 

a base pilot data s 
data signal; 

pilot data signal spreadirig means for spread spectrum 
processing the base pilot data signai^ with the first base pilot 
code as a common- shared- spread- spectrvkpi-pilot signal; 

a signal combiner, coupled toXsaid pilot data signal 
spreading means, said system data spreading, means , and said 
second modulo-two adder, for combining th^ common -shared -spread - 
spectrum-pilot signal, the spread spectrum processed system data, 
and the spread spectrum user data signal as 3^ combined spread 
spectrum data signal; 
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a nlodui^ator/^"'6oupled said signal ' combiner/ f6t"- '- "^ 
modulating tfite 'cS'mHiii^d'^^S^r^ onto a 

carrier as a qpmbined spread spectrum modulated data signal; 

antenna means for transmitting the combined spread- 
spectrum modulaqed data signal and for receiving a plurality of 
composite spread -spectrum modulated carrier signals transmitted 
from a plurality of mobile terminals, respectively, each 
composite spread- spectrum modulated carrier signal having a 
received- remote- spread- spectrum-pilot signal and an information 
channel for each mobile terminal; 

pilot -reference -signal generating means for generating 
a pilot -reference signal\ / \ 

a clock pulse gJriej:ar^r, coupled to said first 



orthogonal code set gener' 
generator, for maintainir 
range delay mea 



or and to said first noise-like code 
s ys t em - wi de t ime ; 
13, cWpled to an output of said pilot 



data signal spreading means anA said pilot-reference-signal 
generating means, for calculatiira a phase difference between the 
pilot -reference signal and the ccWion- shared- spread- spectrum- 
pilot signal as a first value; anc 

a processor for storing tl\e first value and for 
providing, using the first value, a prrocessor output representing 
round trip delay for transmission to tme mobile terminal. 
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11. The ttaselstatidn as -set '.forDli in- claiitiv lGp said 'pilot 
data signal spreading means comprising: 

a third modulo- two adder, coupled to said first 
orthogonal code set generator and to said base pilot data source, 
for spread spectAim processing the pilot data signal with the 
first base pilot c^de to generate a spread pilot signal; and 

a fourth modulo -two adder, coupled to an output of said 
third modulo- two adder and to said first noise -like code 
generator, for processing the spread pilot signal with the first 
pseudo-noise code to ^^enerate the common- shared- spread- spectriim- 
pilot signal. 



12. The base static: 




t forth in claim 11, said system 



code set generator for generating 



data spreading means comj 

said first orthdjgi 
a second orthogonal code; 

a fifth modulo- tjwo kdder, coupled to said first 
orthogonal code set generator \and to said system data source, for 
spread spectrum processing the\system data with the second 
orthogonal code to generate a spread- spectrum- data signal; and 

a sixth modulo -two adder, coupled to an output of said 
fifth modulo- two adder and to said first noise- like code 
generator, for processing the spread- spectrum-data signal with 
the first pseudo-noise code to generate the spread- spectrum- 
system-data signal. 
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13. The ba^e station, as §et:,>fo.r;6h inr claim . , r^fur^^^ 
comprising: 

a power ^plitter for separating the composite spread- 
spectrum modulated \carrier signal into a pilot channel and a data 
channel ; 

a second orthogonal code set generator for generating a 
third orthogonal code^ 

a second noi^e-like code generator for generating a 
second pseudo- noise coc 

a mode control\ and acquisition device, coupled between 
said second orthogonal chde set generator and said second noise - 
like code generator, for providing clock and control signals; 

a seventh modulo\t^ adder, coupled to said second 

Vor \and to said second noise -like code 

signed pilot orthogonal code and 
le\tcj( form a first spread- spectrum- 



orthogonal code set genera 
generator, for combining a: 
the second pseudo -noise co 
pilot -reference signal; 

an eighth modulo 



\ 



:wo\ 



adder, coupled to said second 
orthogonal code set generator fe.nd to said second noise- like code 
generator, for combining an as^gned data orthogonal code and the 
second pseudo-noise code to fon^ a first spread spectriim data 
reference signal; 

a first delay device, cdppled to said seventh modulo- 
two adder, for delaying, responsiv^ to the processor, the first 
spread-spectrum-pilot-reference sighal to generate an on-time, an 
early, and a late version of the firnpt spread- spectrum-pilot - 
reference signal; 
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a first/ a ^sWcorii'f dSi 'a third multli^itir^dori^^l^tldr',' 
each coupled to said powe'r'isplittier and to said ' ^ir&t^d^i^ky " 
device, for multiplying the composite-spread-spectrum-modulated- 
carrier signal witn the on- time, the early and the late versions 
of the first spreadV spectrum-pilot -reference signal to correlate 
out an on- time, an early, and a late version of the received- 
remote-spread-spectrum-pilot signal, respectively; 

a second dela^ device, coupled to said eighth modulo - 
two adder and to said processor, for providing an information 
reference signal synchronized with the on- time version of the 
first spread- spectrum- pilot -r^erence signal; 

a fourth multiplier/correlator, coupled to said second 
delay device and to said po][^er^^lritter, for multiplying the 
composite spread- spectrum riibtiulal\ed carrier signal with the 
information reference signal \:o correlate out the information 
channel ; 

a delay lock loop, co\ipled to said second and third 
multiplier/correlators, for tracking a phase of the received 
remote spread- spectrum pilot sigf^al and for outputting, 
responsive to a correlation peak,\^a clock signal and an 
acquisition signal to the mode control and acquisition device; 
and \ 

a phase lock loop oscillator, coupled to said first 
multiplier/correlator, for providing A coherent carrier • reference 
to a local data detector and to said dAlay lock loop. 
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14. The fta^^ station .a-S set f prth .in.-ql^^ 10 .vgrh^jrein. sai<^; , 
base station la^^sujres. a code phase differencej. be.t^^ coinmpn- 
shared- spread- spectrum-pilot signal and the received- remote- 
spread- spectrum- pilot signal to determine a range between the 
base station and ^ach mobile terminal. 



III 



15. The base station as set forth in claim 14, said mobile 
terminal adjusting, responsive to the round trip delay, a code 
phase of the information channel of each composite -spread - 
spectrum-modulated- carti^r-^ignal to coincide with a specific 



time mark as the compo^'^te- spread- spectrum-modulated- carrier 
signal arrives at the l?$fee 



16, 



The base stat 



lation. 



as set forth in claim 15, with the 
information channel of 4ach composite- spread- spectrum-modulated- 
carrier signal of each of tme plurality of mobile terminals phase 
adjusted to coincide with sa^id specific time mark at the base 
station. 



17, The base station as set forth in claim 16, wherein said 
base station sets the specific \time mark at an absolute time 
value to satisfy cell orthogonality criteria. 
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18. A spread- spectrum CDMA. digitalv cellula:r radio^ ^^^^^^^ on 
for communicatindf between a 'bas^asGatioxi -and a mobile termiflal'^'^cei 
over a duplex radio channel and for range locating said mobile 
terminal, said spread- spectrum CDMA digital cellular radio system 
comprising: 

a pluralit^^ of mobile terminals, each of said plurality 
of mobile terminals including, 

remote -spread- spectrum- processing means for 
processing remote -message data using a pseudo- noise code; 

remote-piYot means for generating a remote-pilot 

signal ; 

combining nteans\ coupled to said remote spread- 
spectrum- processing rifie^ns land to said remote-pilot means, 
for combining the reijfipfte-m^t signal with the spread- 
spectrum- processed- riinoce-n^essage data to generate a remote 

composite signal; 

remote -trarjsmil ting means for transmitting the 
remote composite signal tb the base station on a reverse 
channel of the duplex raddlo channel; 
said base station including, 

receiving means f^r receiving the remote composite 

signal ; 

first-base-pilot me^ns for generating a base pilot 

signal; 

second-base-pilot meAns for generating a base- 
pilot-reference-signal ; 
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first delcLy vtrieans for gienerat ing 'ah-'-ob^ tPiMei ■ ari - 
early and a Iac\e version of the base -pilot -reference -signal ; 

secondy delay for generating an information 
reference signal; 

correlator means for multiplying the remote 
composite signal wiqh the on- time, the early, and the late 
versions of the base\)ilot- reference signal to correlate out 
an on- time, an early, ^nd a late version of the remote pilot 
signal, respectively, said correlator means also for 
multiplying the remote qpmposite signal with the information 
reference signal to corrd^yat?^ out the remote -user- 
information channel; 

:racking a phase of the remote - 
pilot signal and for outj^utt^ng, responsive to a peak in the 
remote-pilot signal, an a^:quiisition signal signifying 
synchronization of the remote-^ilot signal and the base- 
pilot-reference-signal ; 

range delay means, resbonsive to the acquisition 
signal, for calculating a phase cJifference between the base 
pilot signal and the base-pilot -r^erence- signal to 
determine a range between the mobi]\e station and the base 
station; and 

base- transmitting means foA transmitting the range 
from the base station to the mobile te^rminal over a" forward 
channel of the duplex radio channel; 



tracking means 
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each\ bf' said plu'rality of mobile 
including, is^e. o , . - . .. r 

3de phase adjustment means, responsive to the 
range, for adjusting a phase of the pseudo- noise code to 
determine an arrival time of the spread- spectrum-processed 
remote -message Vata at the base station. 
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19. The spread- spectrum CDMA digital cellular radio system 
as set forth in claim IsX further comprising: 

base -spreading m^ans for spread spectrum processing 
base -message data, said ba§^- sheading means including means for 



processing base -message data> 
with a selected chip code. 



:or\ a particular mobile terminal 



20, The spread- spectrum CDMA digital cellular radio system 
as set forth in claim 18 with Wa-^ remote -pilot means slaved to 
the base-pilot signal. 

21, The spread spectrum CDMA digital cellular radio system 
as set forth in claim 18, said remote spread spectrum processing 
means adjusting, responsive to said base station, the pseudo- 
noise code in increments of a code chiro; 

a base station processor comparing signal strength 
levels of the spread-spectrum-processed-ffremote-message data as 
the mobile terminal adjusts the pseudo-noise code; 

said base station, responsive to\a code chip increment 
that maximizes performance, calibrating a relationship between 
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the remqte-piloC signal and the spread-spectrum-processed-remote- 
message datarwith the. code Gh4p. ihcrenienb;-,-. •. .. - . arra.v^ 
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22. The spread spectrum CDMA cellular radio communications 
system as set forth in claim 18, further comprising: 

base -spreading means for spread spectrum processing 
base -message cDfLta; 

base -Combining means for combining the spread spectrum 
processed base-message data and the base pilot signal as a 
composite base signal, the composite base signal including a 
common- shared- spreVd- spectrum-pilot signal and at least one 
specific spread spectrum user information channel for each mobile 
terminal, a spreading code of each of said common- shared- spread - 



spectrum- pilot signal 
information channel C(6'r\taini 

said remote 
spread- spectrum-pilot \^ig>; 
of the remote -pilot si^nal\ 
said remote c 



said specific spread spectrum user 
g an orthogonal code element; 
signal slaved to said common- shared - 
as a reference for phase and timing 



:)mpo5 



ite signal including at least one 
remote spread spectrum user information channel, each of the 
remote -pilot signal and a spr(^ading code of said remote spread 
spectrum user information chanf^el containing an orthogonal code 
element ; 

said remote spread spec\:rum user information channel 
synchronized to said remote-pilot ^ignal ; 

said remote spread spectrum user information spreading 
code further shifted in phase, respoksive to range information 
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sent from said base station, to be orthogonal with other remote 
spread spoctrxim user information spreading codes arriving at said 
base static 

23, The Spread spectrum CDMA cellular radio communications 
system as set f©rth in claim 22 wherein said base station 
measures a code phase difference between said common- shared - 
spread- spectrum-piXpt signal and said remote-pilot signal to 
determine range betw^^en said base station and said mobile 
terminal , 

24, The spread spec\:rum\cpMA cellular radio communications 
system as set forth in clagtm 23, wherein said mobile terminal, 
responsive to receiving rnange information from said base station, 
adjusts the code phase of^saia remote spread spectrum user 
information channel spreackng opde to coincide with a specific^ 
time mark at the base station, 

25, The spread spectrum CDMA Cellular radio communications 
system as set forth in claim 24, wheVein said mobile terminal, 
responsive to receiving an error sign^ from said base station, 
adjusts an orthogonal pseudo- noise code\ phase to compensate for 
changes in range as the mobile terminal moves within a cell. 
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26. The spmad spectrum CDMA cellular radio communications 
system as set forVh in claim 25, further comprising, 

base statVon delay lock loop means for generating the 
error signal and foA tracking the remote-pilot signal. 

27. The spread spectrum CDMA cellular radio communications 
system as set forth in alaim 22, with spreading codes of said 
remote-pilot signal and said spread- spectrum-processed- remote - 
message data adjusted in phase with each other to account for 
orthogonality correction and added together before transmission. 



28. The spread spect 
system as set forth in cla; 
lock loop means for adjust 
signal and said spread -spe 



CDNlA cellular radio communications 
!/ith said base station delay 
^ase of both said remote-pilot 
\rum\-processed- remote -message data. 
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29. A Spread- spectrum {JDMA Cellular radio communications 
method for communicating remote -message data from a mobile 
terminal to a base station over a auplex radio channel, and for 
using a pilot on a return link to adphieve orthogonality at a base 
station antenna, said spread- spec trulji CDMA cellular radio 
communications method comprising the teteps of: 

spread- spectrum processing tke remote message data 
using a pseudo-noise code; 

generating a remote-pilot sigiia.1; 
combining the remote -pilot signal with the spread- 
spectrum-processed- remote -message data, Qo generate a remote -CDMA 
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signal, the Vremote- CDMA signal containing the remote-pilot signal 
and a data smrnal; - ^ ^ - : 

tranj^mitting the remote-CDMA signal from said mobile 
terminal to sai0 base station on a reverse channel of the duplex 
radio chaianel; 

receiviri^ the remote-CDMA signal at the base station; 
splitting\the remote-CDMA signal into a pilot channel 
and a data channel; 

generating aXbase -pilot signal; 
generating a foase-pilot- reference signal; 
delaying the b^^se-pilot- reference signal to generate an 
on- time version of the ba)pe-pilot- reference signal; 

delaying the basi/pilot- reference signal to generate an 
early version of the base -/p^lqt- reference signal; 



delaying the bas 



V 



![ot- reference signal to generate a 
late version of the base -^^ilo^: -Reference signal; 

correlating out iji or\-time version of the remote-pilot- 
signal with the on- time veysion\of the base-pilot -reference 
signal ; 

correlating out an earlV version of the remote -pilot - 
signal with the early version of qhe base-pilot- reference signal; 

correlating out a late ve\-sion of the remote-pilot 
signal with the late version of the \base-pilot- reference signal; 
generating a base-data- reference signal; 
correlating out the data ch^nel using the base-data- 
reference signal; 

tracking a phase of the remotfe-pilot signal; 
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outpiMiting, responsive to a peak in the remote-pilot 
signal, an acquisition =signal, the acquisition signal signifying 
synchronization the remote -pilot signal and the base - pilot - 
reference signal; 

measuring A responsive to the acquisition signal, a code 
phase difference between the base pilot signal and the base- 
pilot- reference signal\ to determine a range between the mobile 
terminal and the base station; 

transmitting the pscnge to the mobile terminal; and 
adjusting a phag^ at\the mobile terminal, responsive to 



the range, of the pseudo 
the data signal and to ad 



(code to adjust an arrival time of 
)rthogonality at the base station. 



30. The method as seti\ f oi^th in claim 29, further comprising 
the step of: 

phase shifting, responsive to the acquisition signal, 
the remote-pilot signal to be synVzhronous with the data signal 



^=55 



31. The method as set forth iA claim 29, the remote-pilot 
signal slaved to the base-pilot signal. 
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